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480Z Keyboard 


SECTION 1 


THE KEYBOARD 


(Circuit ref. : Alphameric Drawing no. 146-1710) 


There are 64 keys, each generating a distinct 8-bit code (not ASCII) 
whenever it is pressed or released, accompanied by a strobe pulse. In 
fact, only 6 bits are used, with bit 8 indicating key position (0 = down, 

1 = up). The keyboard consists, electrically, of an 8 x 8 matrix which is 
scanned to check key status (up or down). This scanning is accomplished by 
3 IC's: 


1. IC 8 is a 12-stage binary counter clocked by oscillator IC5b/IC6a at 
about 500 kHz. The clock is divided by 8 (Q0, Q1, and Q2 are not 
used) and then again by 8 (Q3, 04 and 05 are used for strobe 
functions) to give a 6-bit key address count which is placed on the 
data bus. This forms part of the data byte sent to the processor 
and is accompanied (if a key has changed state) by a strobe pulse 
and DEPRESSION signal. 


2. IC 7 is a decoder which takes the three most significant bits of the 
key address and enables the appropriate row of the matrix, provided 
that the 'D' input is low. As 'D' is connected to the 500 kHz clock, 
each row in turn outputs a 500 kHz signal. 


3. IC 1 is an analogue-type multiplexer: each of the inputs 0 to 7 is 
at high impedance, except for the one selected (by pins 9, 10, 11) 
which is connected via a few hundred ohms resistance to the Z 
output. Input selection comes from the three least significant bits 
of the key address, and so this forms the rest of the scanning 
operation. 


Each key provides a capacitance coupling between its row and column, 
and, when pressed, couples the 500 kHz clock to the Z output of IC 1 
at the appropriate point in the scanning cycle. The function of the 
circuitry around IC 2 is to detect whether or not the selected key 
is pressed. It operates as follows: 


(N.B. IC 2 transistors will be referred to as TR1 to TR5 from left 
to right). 


@ Selected key not pressed 


RI and D1/D2 provide a 1.5V reference for the base of TR2 and 
for each of the matrix columns via 4k7 resistors. The output 
of IC 1 is at high impedance and so a small DC current flows 
into TR1 (via L1) and TR2 bases. As TR2 collector is stable, 
no current flows through C3, TR3 has no base current and is 
turned off, and any small residual charge on C4 is insufficient 
to drive TR5 base. Consequently, TR5 collector is high. 
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e Selected key pressed 


There is now a 500 kHz signal from IC 1 (referenced to D2+) 
which is amplified by the resonant circuit L1/C2, causing the 
current through TR1 to oscillate. The current through TR2 
oscillates in anti-phase and an amplified 500 kHz signal 
appears at the collector. C1 prevents the oscillation from 
affecting the base of TR2. During negative half-cycles, C3 
pulls the emitter of TR3 lower than its base (held by C4) and it 
then starts to conduct, charging C3. During positive half- 
cycles the charge on C3 flows through D3 (TR3 now turned off) 
to carge C4 and provide a base current for TRS. 

Thus TR5 collector is low. 


Once a key address has been set in IC 8, some time elapses to allow a charge 
to build up on C4, if the key is pressed (see timing diagram, figure 1); 

the state of TR5 collector is then clocked into IC 3a. The output of this 
represents the state of the key and forms part of the data byte sent to the 
processor (as DEPRESSION). At the start of each key address cycle, the Q 
output of IC 3b turns on TR4 for a short period to ensure that no residual 
charge remains on C4 from the previous cycle. 


As the keyboard must only generate strobe pulses when a key changes state, 
some sort of memory is required; this is IC 4, a 64-bit shift register. At 
the start of each address cycle the state of the previous key (latched in 
IC 3a) is clocked into IC 4, an action which continues as the keyboard is 
scanned. As IC 4 is clocked, the state of the currently addressed key 
during the last scan appears at the output and is compared with its present 
state by IC 5a. If a change has taken place, a strobe is generated near 
the end of the cycle by IC 6b and IC 6d. 


Holding RESET ‘low' has the effect of clearing the shift register to all 
1's, and not allowing any key depressions to enter IC 3a. 


Keyboard scanning is inhibited (as are strobe pulses) by taking the READY 
line low (stopping 500 kHz oscillator); this happens automatically when 
the 480Z receives a strobe, and is returned to normal when the CPU reads 


the keyboard data. 
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SECTION 2 
MAIN PCB 


(Circuit ref. : D10829, Sheets 1 to 6) 


SHEET 1 


The Z80A microprocessor is the heart of the system. It is clocked at 4MHz 
from the oscillator (sheet 4), and all signals directly connected to this 


are prefixed by Z (e.g. ZWAIT). 


To save using high-speed memories, one ‘wait’ state is inserted in each 
memory cycle by GT. One ‘'wait' state is also inserted into each video 
access (to be described later) to make this transparent to the user. 
Figure 2.1 shows the relationship between the various derivations of the 
4MHz clock, and the timing of GT. 


All address lines go through buffers which are permanently enabled, as do 
some control signals. During I/O cycles, lines AO to A6 contain the port 
address, and the most significant lines A2 to A6 are decoded by JS (the 


port mapping PROM) when enabled by IORQ. 


In this system, the Z80 operates in interrupt mode 2, and no port is 
enabled during interrupt acknowledge cycles as the interrupting device is 
automatically enabled by the combination of ZMI and ZIORQ being active. 
Figure 2.2 shows the operation of JS. If the group of system ports is 
selected (PORTEN low) the address is further decoded (AO - A2) by CU and DR 
giving 5 read and 5 write ports, which are used for control and status 
information, etc. (as shown on sheet 5). 


The ‘Z' data bus is used directly by ROM and RAM, and is buffered to give a 
‘T' data bus when TDBUSEN is active. This is used mainly by I/O ports and 
is further buffered by DQ (write) and CQ (read) for use by VDU circuitry. 


When NMIEN goes active (by writing to system port 0) an NMI will be 
generated during the eighth successive instruction. This is used by the 
ROS monitor for single-stepping through programs. 


The power up circuitry (€23, GW etc) holds the CL line of GU low, and so 
holds RESET low, until the power rails have stabilised. Memory contents 
can be corrupted during reset in two ways: 


1. While RESET is active no refreshing takes place. 


2. If RESET goes active during T3 of an M1 cycle, a short MREQ pulse 
can be generated which may destroy data. 


Thus, in order to preserve memory contents, the RESET button signal 
is gated with R3 (part of the row counter in video circuit which 
happens to be a convenient frequency) and synchronized with M1. 
This results in RESET being active for 128us, and inactive for 
512us, while the button is pressed, allowing sufficient time to 
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refresh the whole of memory. 
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SECTION 2 


MAIN PCB 


(Circuit ref. : D10829, Sheets 1 to 6) 


SHEET 1 


The Z80A microprocessor is the heart of the system. It is clocked at 4MHz 
from the oscillator (sheet 4), and all signals directly connected to this 


are prefixed by Z (e.g. ZWAIT). 


To save using high-speed memories, one ‘wait' state is inserted in each 
memory cycle by GT. One ‘wait’ state is also inserted into each video 
access (to be described later) to make this transparent to the user. 
Figure 2.1 shows the relationship between the various derivations of the 


4MHzZ clock, and the timing of GT. 


All address lines go through buffers which are permanently enabled, as do 
some control signals. During I/O cycles, lines AO to A6 contain the port 
address, and the most significant lines A2 to A6 are decoded by JS (the 


port mapping PROM) when enabled by IORQ. 


In this system, the Z80 operates in interrupt mode 2, and no port is 
enabled during interrupt acknowledge cycles as the interrupting device is 
automatically enabled by the combination of ZMI and ZIORQ being active. 
Figure 2.2 shows the operation of JS. If the group of system ports is 
selected (PORTEN low) the address is further decoded (AO - A2) by CU and DR 
giving 5 read and 5 write ports, which are used for control and status 
information, etc. (as shown on sheet 5). 


The ‘Z' data bus is used directly by ROM and RAM, and is buffered to give a 
‘'T* data bus when TDBUSEN is active. This is used mainly by I/O ports and 
is further buffered by DO (write) and CQ (read) for use by VDU circuitry. 


When NMIEN goes active (by writing to system port 0) an NMI will be 
generated during the eighth successive instruction. This is used by the 
ROS monitor for single-stepping through programs. 


The power up circuitry (€23, GW etc) holds the CL line of GU low, and so 
holds RESET low, until the power rails have stabilised. Memory contents 
can be corrupted during reset in two ways: 


1. While RESET is active no refreshing takes place. 


2. If RESET goes active during T3 of an M1 cycle, a short MREQ pulse 
can be generated which may destroy data. 


Thus, in order to preserve memory contents, the RESET button signal 
is gated with R3 (part of the row counter in video circuit which 
happens to be a convenient frequency) and synchronized with M1. 
This results in RESET being active for 128us, and inactive for 
5i2us, while the button is pressed, allowing sufficient time to 
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refresh the whole of memory. 
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Contents shown ave examples, not actual. 
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SHEET 2 


JV is the memory map PROM that decodes the top address lines to enable RAM 
or ROM during MREQ cycles. It functions in the same way as the port 
mapping PROM. This map can be modified by signals PAGE 0, PAGE 1, and ZRD 
so that the monitor program appears at address 0000 after a reset during 
memory read; this is necessary as the Z80 always looks at 0000 for its 
first instruction after reset. 


During initialization, PAGE 0 and PAGE 1 are changed by writing to port 1, 
so that in normal operation RAM appears at address 0000, as required by 
CP/M. ER is a 4 x 4-bit register used for RAM mapping in a similar way to 
JV except that it can be altered under software control by writing to 


port 0. 


Figure 2.3 shows the operation of ER. The contents of this register will 
vary depending upon which type of RAM ICs are used (4116 or 4164). Lines 
MA16 and MA17 define the physical bank of memory, and are decoded by JT to 
generate the appropriate RAS during MREQ cycles. RASO and RAS1 go to RAM 
on the main board, and RAS2 and RAS3 go to the option PCB. Lines MA14 and 
MA15 are used when 4164 (64K) RAM ICs are installed, and they select the 
required 16K block within a 64K bank. The Z80 can only directly address 
64K of memory (16 address lines) and so it is the responsibility of the 
program to change the contents of ER to make full use of 256K memory (if 
this is installed). MR, KR, and HT are used to multiplex 14 address lines 
into 7 pins on the dynamic RAM ICs (16 lines into 8+ for 4164's), and HT 


also generates CAS. 


Figure 2.4 shows an MREQ cycle involving RAM; this is started when the Z80 
puts a valid RAM address onto the bus, which is decoded by JV to give 
RAMEN. Address lines AO to A6 and MA14 are connected through the 
multiplexers to RAM (i.e. the row address). When MREQ goes active, JT 
decodes the top two address lines and generates a RAS on the appropriate 
bank. At the start of the next clock cycle the multiplexers are switched 
to connect A7 to A13 and MA15 to the RAM (column address) and RAMEN is 
connected to CAS delay circuit (R44/C20). After about 40us (to allow 
address lines to settle) a CASO and CAS1 go active; both signals are 
identical and CAS 1 goes to the option PCB. The cycle ends when MREQ goes 
inactive. : 


During refresh, JV is disabled and RAMEN is not generated; this inhibits 
CAS. ER is also disabled allowing JT to generate RAS on all banks of RAM 
Simultaneously. As the Z80 only supplies 7 address lines during refresh, 
one extra line is needed to allow 4164 ICs to be used. This is derived 
from the VDU line count using L1 which changes approximately every 1.5 ms. 
L1 is synchronized with ZRFSH to give 8RFSHB which is gated through HT 
during refresh cycles; this allows each half of the 4164's to be refreshed 
within the 2ms limit. 


The two latches GT and GV are included to overcome a timing restriction of 
dynamic RAM known as RAS precharge: this is the minimum time that RAS must 
be inactive between memory accesses. This is at its limit between M1 and 
refresh cycles where ZMREQ goes inactive slightly after the rising edge of 
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T3 clock, and active again on falling edge. GV terminates RAS (by MRINH to 
JT) and CAS (by disabling MREQ1) on the rising edge of T3 clock, so 
overcoming any delay in ZMREQ going high. 
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SHEET 3 


This describes the regulated DC power entry to the board: +9V is developed 
onboard from +12V, as is -5V from -12V, both being low current 
requirements. : 


There are two banks of RAM on the main PCB and a further two on the option 
PCB. Each bank can contain either 4116 ICs (16K) or 4164 ICs (64K), and 
link pads are provided to cater for the different pin requirements. A 64K 
system may consist of 4 banks of 4116 or 1 bank of 4164, and memory may be 
expanded up to 256K. Different firmware and mapping PROMS are available to 
suit the different options. 


Four ROM sockets are provided, enabled by ROMOEN through ROM3EN from the 
mapping PROM, and most types of ROM or EPROM can be accommodated by 
altering the link pad. BASIC in ROM is available as an option with its 
associated firmware and mapping PROM. 


A similar range of ROM/EPROMsS can be accommodated in the character 
generator position making a variety of character fonts available to the 
video circuitry. 


SHEET 4 


The video circuitry is dual mode, i.e. 40 or 80 characters wide by 24 
lines. It is selectable by software (uSing write port 2). For clarity, 
80-character mode will be dealt with first. 


80-Character Mode 


The 16MHz oscillator is used as the dot clock for video output and is 
divided into character cells by JP, which also outputs the 4MHz system 
clock. This counter is preset to 8 and then incremented to 15, whereupon 
EOC (end of character) goes active, and 8 is reloaded on the next clock 
pulse. EOC occurs every 500ns and clocks IP to produce a character count 
of 0 to 127, although only 0 to 79 represent valid addresses. This count 
takes 64ns, i.e. one line scan time for a VDU and is fed to PROM GR which 
‘maps out' the line waveform (as shown in Figure 2.5). To restrict the 
number of lines of this PROM, CO is not used, and C6 is routed via HP i.e. 
the PROM receives even addresses 0 to 126. This PROM outputs LBLNK to give 
a blank area on both sides of the screen, and line sync pulses. 


The LCLK1 output clocks the row counter HR, giving line slice counts 0 to 

9. These are fed to the character generator IC to select the appropriate 
character slice. R3 is a convenient waveform (active 128 us, inactive 512 
us) for use in the reset circuitry (sheet 1). The falling edge of R3 

clocks IQ giving line counts 0 to 31, of which 0 to 23 represent valid data 
addesses. The field waveform is 'mapped out ' by PROM HQ in the same way 

as the line waveform. Output FBLNK1 blanks scan lines between text lines by 


Pee 
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inhibiting LOAD to the shift register, and FSYNC1 is the separate field 
sync output. FS is fed back to GR which, in combination with LSYNC1, 
generates mixed sync (MSYNC) and is used to produce the composite video 
output. Field RESET (FR) is used to ‘trim' the field time to the required 
20ms (50Hz) by resetting and row counters during line count 31. If these 
were not reset, the field time would be: 


32 (max line count) x 10 (max row count) x 64us (line time) = 20.48ms 
which might cause instability. 


During normal screen refreshing, the 7 character-count bits (C0-C6) and 5 
line-count bits (LO - L4) define the character position in RAM with some 
redundant addresses. The 2K RAM used, although being of adequate capacity 
for the display, only uses 11 address lines (with no redundancy) and is not 
compatible with the 80 x 24 screen format - in other words the RAM is ‘too 
square‘ - and so some juggling of address space is needed. In 40-character 
mode no problem arises, but in 80-character mode addresses greater than 63 
are mapped down to the redundant lines (24 to 31) in three groups because 
CC6E is active (column count C6 via GP and HP) and switches the 
multiplexer, MP. This is illustrated in figure 2.6. 


Access to the video RAM is divided into two equal time slots by the 2 MHz 
Signal VDUACC/CPUACC so that the CPU can write to the screen without any 
timing restrictions and without disrupting screen refresh. During screen 
refresh (VDUACC high) the character and line counts are selected by the 
multiplexers KP, GQ, and GP, and are latched into LP, MP, and KP on the 
falling edge of 4 MHz (i.e. half-way through VDUACC). When EOC is 
active, the data addressed is latched into MQ on the rising edge of 16 MHz 
(i.e. half-way through EOC) and is presented to the character generator. 
At the same time, the outputs SRO to SR7 from the previous character are 
loaded into the shift register JQ, provided that valid data exists (i.e. 
LBLNK and FBLNK are inactive). This data represents the dot format of the 
selected character slice, and is shifted out at 16MHz as VIDEO. Figure 
2.7 shows the timing. 


480Z Main PCB 


WIOJSACPM SUTI CG*z erznbty 


| INASW 


Sd 


ISINI707 


LONASW 


<a lore metlemenracetescsnepectrnsie a ee re ee ee a eee ed 


1 >N709 


| 14797 


ian _ 


Lut vauV YNVTE os] 6L vauv vivo O]| ssavoav wovd 


‘suk pig bmg 


sour) veg buung 


2.10 


480Z Main PCB 


~—~_W/, 


/ 


O1llool 


ar a | 


WWUY O®PPTA 9°¢ eanbty 


g2-<29'91'S 


xXXOI Xxxx10 xxxX000 
(8x9/) Varo pasnuy 


000000! 0000110 / 0000000 


bitte 11loo1o 


g9-99 


29223 
in| hq PS 


00000 
Ot -¥7 


2.11 


480Z Main PCB 


HuTwTL O®PTA L°z eanbtg 


orenn | | 
popeo) youuas op | oF au pspvo) | 
1+¥ PSY) qouuaf jop wu saqrerey) | 


a gyoq] - or 


ow 
oui pepwo) vyep , Ow aw prpvc) 
Z4U s2q7BreYU) wzop hiounw | 4uU s272070Y) 


| 


e4ut* 1+u | a aca 


480Z Main PCB 


The CPU writes to video RAM by means of an OUT (C) instruction using ports 
0 to 17H, i.e. one port for each of the 24 display lines. An output 
instruction has one wait state inserted by the Z80, and one additional wait 
state is inserted by VDUEN (sheet 1). This ensures that a valid address on 
the bus during the instruction is coincident with the falling edge of 4MHz 
during CPUACC, and is latched into KP, LP and MP. LP also latches the 
VDUWR signal to allow data on the M bus (latched during CPUACC - sheet 1) 
into the RAM. During the instruction, AO to A6 contain the port number 
(i-e. line number) from register C; A7 to A15 contain the character number 
(from register B) and the data bus contains the character (from register 
A). 


The CPU can read the contents of video RAM in a similar way using IN (C) 
instructions. 


40~-Character Mode 


In 40-character mode, the counter JP is preset to 0 and so EOC now occurs 
every lus, giving twice the character width of 80 mode. C6 is not used, 
and so IP outputs counts 0 to 63 in the 64us line time. CO is gated to 

the line PROM GR (via HP) and a different map is used (80/40 high) to allow 
for the different inputs. The frequency of the least significant bit of 
the count on GR (CO or C1 depending upon screen width) remains the same at 
1 MHz. The remainder of the counting circuitry works the same as in 80 
mode, and, aS no juggling of RAM space is now necessary, CC6E is disabled 
by HP. In this mode the shift register JQ is inhibited on each alternate 
clock to give a half-speed dot rate. 


The various video signals generated on this sheet are mixed at the base of 
TR1 to produce a composite video signal. Separate sync signals are made 
available. VIDMIX2 comes from the high resolution graphics circuitry on 
the option PCB and allows mixing of text and graphics on one monitor - this 
can be disabled by software. DIM1 indicates that the character displayed 
is one of the grey graphics symbols (70 - BF H) and reduces the amplitude 
of the video signal. A modulator is also included to produce a UHF 

output. 
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SHEET 5 


This sheet shows all of the system ports except write port 0 (the 

mapping register - sheet 2). The group is selected when PORTEN is active 
and the separate ports are decoded - sheet 1. Data transfer is via the 'T' 
bus which is enabled by TDBUSEN at the same time as PORTEN is active. 


Read Ports 


Read ports 0, 1, and 2 are 74LS244 buffers enabled directly onto the bus 
and are thus time dependent. 


@ Read port 3 is a latched port used for keyboard data. KBDSTB clocks 
data into the latch and generates KBDREADY which inhibits further 
data strobes from the keyboard. KBDREADY is available as a status 
bit in read port 1. KBDSTB1 goes to the CTC (sheet 6) to generate a 
program interrupt. The monitor program reads the data during the 
interrupt service routine and stores it in a buffer area of main 
memory for later use by the user program. Reading port 3 clears 
KBDREADY and allows the keyboard to send further data. 


® Read port 5 is also a latch and is used as the parallel input. 
USTBIN clocks data in, generating UINRDY which is available as a 
status bit in read port 1 along with its associated handshake UHIN1. 
INRDY is a status signal; going back to the inputting device, which 
goes ‘low' while data remains in the latch and is reset to a ‘high' 
when the port is read. 


Write ports 
Write ports 1, 2, and 5 have latched outputs. 


e Port 5 is used as parallel output with its associated handshaking 
signals UHOUT1 - 3 from write port 1. Write ports 1 and 2 contain 
various control signals, all of which are cleared during reset. This 
is important as the keyboard must not be allowed to generate an 
interrupt until the CTC has been set up, and so KRESET remains 'low' 
until changed by the initialization firmware. Another important part 
of the power-up procedure is that PAGE 0 and PAGE 1 are ‘low‘ to 
enable the Z80 to fetch its first instruction from ROMO at address 
0000 (memory mapping - sheet 1). During initialization this is 
changed so that RAM is addressed at the bottom of memory. NMIEN is 
used by the monitor for single stepping through programs and enables 
an NMI to be generated (sheet 1). 80/40 selects the screen format 
and ALTCHR goes to the character generator (sheet 4) to select one of 
two fonts. Write port 5 is a DAC, the output of which can be 
connected to the loudspeaker (sheet 6) and is available as 


ANALOGOUT. The SIO2 interface is software controlled using port 2 
(read and write). 


CR provides an interface for joystick potentiometers (for games etc.). The 
monostables are triggered by the program via HTRIG (write port 2) and 
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generate pulses JT1 and JT2 which are proportional in width to the position 
of the joystick (i.e. value of resistance). Both outputs can be monitored 
by the program using read port 2. 


SHEET 6 


The SIO is set up during initialization so that channel A is used for the 
network interface (this requires a network transceiver board to interface to 
the coax). Channel B is set up by the monitor program as the SIO4 

interface and it has several baud rate options. 


The CTC ports are set for the following use: 


ChO: This is clocked at 2MHz, and is used either as the SIO4 TX/RX clock, 
or as a timer for detecting the frequency of cassette input. 


Ch1: Has three uses: to detect edges on cassette input (the time between 
edges then being measured by Ch0); to generate cassette output 
frequency; and to time output for the SIO2 interface. These three 


functions are mutually exclusive. 
Ch2: Is used purely to generate interrupts from KBDSTB1. 


Ch3: Clocked at 50Hz (field blanking signal - sheet 4); this channel is 
enabled when the repeat key is pressed to generate interrupts at the 
repeat frequency. 


Interrupt daisy chain is such that the SIO has top priority (for network 
use) with the CTC second. The option PCB has lower priorities. 


When writing to cassette, the output of CTC Chi is divided by two and fed 
through an op-amp filter circuit to produce an approximate sine-wave 
suitable for cassette recorder input. Signals from the recorder are fed to 
two op-amps: the first checks the amplitude against a reference and outputs 
signal CASVOL to read port 2 if the volume is insufficient for reliable 
reading; the second one squares the sine-wave input to give a TTL signal 
CASIN on read port 2. 


Another amplifier circuit is included to drive the internal loudspeaker. 
This is fed by LSPEAK (write port 2) enabling the program to generate a 
tone in the speaker. The amplifier can also be fed from the DAC (sheet 5) 
to produce sounds at various intensities. 
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SECTION 3 


OPTION PCB 


(Circuit ref. : D10830, Sheets 1 to 5) 


SHEET 1 


The two extra banks of RAM sockets are shown which, as with the main board, 
can be linked to accept either 4116 or 4164 ICs. This allows memory to be 
expanded to 256K. 


High Resolution Graphics 


An extra 16K block of memory is included on the option PCB which is 
dedicated to graphics. This is configured as 192 rows, each with 80 bytes, 
and allows pixels to be plotted on the screen using X and Y coordinates. 
The HRG memory is separate from main memory and is accessed via the HRG 
ports (4 read and 4 write). There are three levels of resolution, 
selectable by software: 


1. Extra High Resolution 


In this mode each of the 80 bytes per row represents 8 pixels, 
giving 640 (horizontal) x 192 (vertical) pixels on the screen. Each 
pixel can have only two possible values: 1 (white) or 0 (black). 


2. High Resolution 


In this mode each byte represents 4 pixels (2 bits each); this gives 
only 320 (horizontal) x 192 (vertical) pixels on the screen. 
However, each one now has four possible values. 


3. Medium Resolution 


This mode uses 4 bits per pixel, each having 16 possible values. 
Vertical resolution is also halved, giving 160 (horizontal) x 96 
(vertical) pixels on the screen. This only uses half of the 16K 
memory and so two ‘pages’ are available, allowing the CPU to modify 
one page while the other is being displayed. 


In modes 2 and 3 the pixel ‘value’ goes to a lookup table which is 
programmed by software. This is a 16 x 8 register and allows each pixel 
value to be converted to any 8-bit value from 0 to 255. The output is 
passed to a DAC to give the desired pixel intensity which can then be mixed 
with text on the normal black and white monitor output. Three bits of the 
lookup table output are also passed to the RGB output driver, allowing the 
use of a colour monitor. As with the black and white output, text can be 
mixed with graphics under software control. The three ‘colour bits' chosen 
from the eight bits are those which will give a sensible relationship 
between colour and intensity. Although sixteen intensities are possible in 
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medium resolution, only eight colours can be displayed on the RGB output 
(TTL levels). 


SHEET 2 


HY buffers the 'Z' data bus to the ‘'I' data bus when accessing the HRG 
ports (HRGEN active). The direction of data is controlled by RD. CT is 
also enabled at this time and decodes the lower two address lines to strobe 
the appropriate HRG port (RDO - RD3, WRO - WR3). CP keeps data stable in 
HY until the next rising edge of 4MHZ, after HRGEN and WR go ‘high', 
allowing the rising edges of WRO - WR3 to be used as strobes. 


When writing to HRG memory, the CPU puts the Y address out via WRO and the 
X address out via WR1i. These are latched into FW and GR respectively. 
During line blanking, VMEME is low putting the latched X and Y addresses 
through to the memory, at which time the CPU can put pixel data out through 
WR3. Whenever HRG port 3 is accessed CRAS goes active (giving MRAS via 
EQ); the next rising edge of 4MHZ puts CAM and MAM ‘low' to switch the 
address line multiplexers GQ and FT. After a short settling period 
governed by R11/C1, MCAS goes active to enable the RAM data lines. (Timing 
is shown in figure 3.1.) During memory writes, WR3 is active putting VMR/W 
(memory read/write line) ‘low’ via EQ. During memory reads, DW is enabled 
by RD3 putting memory data onto the '‘'I' bus. 


The 16K RAM is not directly compatible with the 80 x 192 format used in 
this circuit, and has to be configured in a similar way to the video RAM on 
the main PCB. This function is performed by ET which re-positions columns 
64 to 79 (i.e. C6 is active). Figure 3.2 shows this action. 


During normal screen refresh counter EU is clocked by 2MHZ to give the 
column, and is reset by VMEME at the end of each line. FR is clocked by 
LCLCK and reset by FRESET (both from the main PCB) to give a line count 
which is synchronized with the normal text output. The column count goes 
to the memory via FU and the line count goes via FS; both are enabled by 
VMEME. In medium resolution all even lines are page 0, and all odd lines 
are page 1. In this mode LC01 is set by the state of FORCE (i.e. page 
select) via EP, thus reading alternate lines of memory on two consecutive 
scan lines. VMR/W is set high by EQ (VMEME high) to disable writing, and 
VRAS is developed by the HRG timing chain (sheet 3). The address line 
multiplexers (and subsequently MCAS) are switched by 2MHZ from the timing 
chain. ; 


HRG port 2 is used for control and status: 


OPEN stops screen refreshing and allows the CPU 
unlimited access to memory (dynamic RAM 
refreshing is the responsibility of the CPU 
during this time). 
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VSCALE and HIRES peek the mode of operation: 


VSCALE HIRES 


Extra high resolution 0 0 
High resolution 0 1 
Medium resolution 1 1 
Not valid 1 0 

FORCE sets the page to be displayed in medium 
resolution. 

VIDINH inhibits text on the RGB output. 

HRGINH inhibits graphics on the black and white output. 
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Figure 3.1 Writing to HRG Memory 
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During field blanking, IDO to ID3 are enabled through to LAO to LA3. If 


LKWR is activated at this time, data latched in WRO can be written to the 
lookup table. 


The CPU can only access HRG memory when VMEME is active, i.e. during line 
blanking, field blanking, or when the screen is open. Read port 2 allows 
the CPU to monitor these three conditions. 


SHEET 3 


Once a byte of data has been read from HRG memory (which occurs every 500ns 
during normal screen refresh) it must be divided into individual pixels. 
This action is best understood by considering the relationship between 
‘pixel time’ and ‘byte time' across the screen (see figure 3.3). 


In extra high resolution mode the shift register is enabled by HIRES; 
memory data is parallel loaded and clocked out at 16MHz to give a row of 
black and white pixels. This action, shown in figure 3.4, is identical to 
‘text’ output on the main PCB. 


In high and medium resolution modes, shift registers EV and DV are used to 
‘pick out' the appropriate pixel bits: two for high resolution and four for 
medium resolution (see figures 3.5 and 3.6). The speed of the clock going 
to these shift registers is controlled by VSCALE using 4MHZ for medium 
resolution and 8MHZ for high resolution. Each pixel value is input to the 
programmable lookup table as LAO to LA3 so that each value (0 to 15) may 
appear, via the DAC, as any intensity from 0 (black) to 255 (white). 
Although only LAO and LA1 are valid in high resolution mode (2 bits per 
pixel), the action of the shift registers causes spurious information to 
appear at LA2 and LA3 and the lookup table must be programmed to ignore 
these. Lookup table outputs are clocked through ES to the DAC which 
produces grey-scale graphics at DACOUT. ES is disabled during line blank, 
field blank, and in extra high resolution mode. 


The lookup table is programmed by latching the required eight data bits in 
WRO (normally the Y address), then setting the address to be programmed in 
the lower 4 bits of WR2. During field blanking this address is enabled 
through to LAO - LA3 (EV and DV outputs are disabled by FBLANK) at which 
time LKWR in WR2 may be activated to load the register. Note that LKWR is 
used as a strobe on the register write lines, and must return to its high 
state while address and data lines are still valid. 


The 16MHZ signal from the main PCB is used to clock the HRG timing chain, 
which is further synchronized by using EOC. This allows graphics and text 
to be mixed if required. During normal screen refresh, data is read out of 
HRG memory by 2MHZ (one byte every 500ns), which is also used to 

generate VRAS. HLOAD is used to synchronize loading of data into the shift 
registers. The line-blanking signal (LBLNK) is taken from the main PCB and 
used to generate VMEME, the signal which enables the CPU to access HRG 
memory. In 80-character mode, VMEME is delayed by two extra clock pulses, 
again to provide text/graphics synchronization. FBLNK from the main PCB is 


a 
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gated with LC6 and LC7 to give FBLNK and is used to reserve the bottom area 
of the screen (scan lines 192 - 239) for text only. BLANK is a derivation 
of FBLNK and is used to disable the lookup table outputs (high and medium 
resolutions) during line and field blanking; this signal is always in extra 
high resolution mode. 
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Figure 3.3 HRG Modes 
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SHEET 5 


This sheet shows two dedicated ICs and a CTC: 


BS is an IEEE interface controller, enabled by IEEEEN from the main 
PCB for programming, and provides all the control functions 
necessary for the interface. Processor interrupts are generated via 
the CTC channel 0. The IEEE address can be read as a status in HRG 
port 0 (RDO). AQ and BT are interface buffers. 


BU is a maths IC, providing maths functions with a minimum of 
software. Processor interrupts are generated via CTC channel 1. 
The CTC/9511 EN is a shared group of ports, and chip select is 
controlled by A2. 


CTC channels 2 and 3 are used as a real-time clock: Ch.2 provides 
interrupts every 8ms if required; Ch.3 counts the outputs of Ch.2 
to generate interrupts at 1 second intervals so that the processor 
can update the ‘time counter’ in main memory. 


3.12 
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SECTION 4 


POWER SUPPLY 
GRESHAM LION TYPE 32047 


(This is a copy of the technical description supplied by Gresham. 
Circuit ref. : Gresham Lion Drawing No. 320470/1/030) 


GENERAL 


The mains input is rectified and smoothed to give a nominal 320V d.c. 
supply. This powers a single transistor flyback converter operating at 
between 30 kHz and 100 kHz depending on output loading. Regulation of the 
main 5V rail is achieved by opto-coupler feedback controlling the ‘on' 
time of the converter, while the +12V and -12V rails are controlled by 
‘low-drop' series regulators. 


MAINS FILTER AND RECTIFIER 


RFI generated by the power converter is suppressed by the mains filter 
(C12, T1, C1, C2, and C3) which reduces the RFI to below that required by 
BS800. Riis included as a discharge path for C12 and C2. The mains 
input, which is isolated by SW1 and protected by FS1, passes through THT1 
(a 70°C thermal output); it is then rectified by D1 - D4 to give 320V 
d.c. (nominal) on C4 and C5. Resistor R13 limits the switch-on surge as 
C4 and C5 are charged initially. The series choke, L2 and C5, filters 
the switching frequency current and reduces the high-frequency noise 
reflected into the mains supply. 


FLYBACK CONVERTER 


At switch on, R7 provides bias to TR3 which starts to turn on. Positive 
feedback via T2 (pins 11, 12), R11, R2, D7, and D8.turns TR3 on fully and 
the current through TR3 rises linearly from zero as energy is stored in 

the core of T2. To prevent TR3 from saturating, D11 conducts when the 
collector voltage of TR3 approaches 1.5 volts and diverts current from 

the base of TR3 so that the collector voltage remains at 1.5 volts during 
the ‘on' period. TR3 collector current flows through RY and causes a 
voltage ramp to appear at the emitter of TR2. The voltage level at TR2 
base is set by R8 and by the current flowing through the transistor of O0C1; 
when the voltage at TR2 emitter exceeds this level by more than 0.6V 
(approx). TR2 is turned on causing TR1 to turn on. Base current is drawn 
from TR3 via D6, causing TR3 to turn off. As TR3 turns off, positive 
feedback via T2, R11, R2, D9 and D10 keeps TR3 off. The negative voltage 


480Z Power Supply 


applied to D5 cathode charges C65 to provide a negative auxiliary supply 
which is used to turn off TR3 and bias TR2 base. | 


As TR3 turns off, its collector voltage rises until it is clamped by the 
secondary windings of T2. Shortly after TR3 turns off, TR2 turns off due 
to lack of signal input and the charging of C9. TR1 then turns off as 
well and C9 resets to its normal level ready for the next turn-off 
sequence. The collector of TR3 remains ‘high’ until all the energy 
stored in the core of T2 has been discharged into the secondary circuits. 
When this is complete, the collector voltage of TR2 starts to fall ata 
rate determined by the snubber components and the primary inductance; 
when this voltage is equal to the supply voltage, a new cycle is 
initiated via R7 (as before). 


If there is no feedback signal via OC1, the peak current at which turn 
off occurs is determined by the voltage on the negative auxiliary rail, 
which (in normal operation) is approximately equal to the breakdown 
voltage of Zener diode D12. When turned on or off, and under secondary 
short circuit conditions, the voltage on C6 is reduced due to decreased 
drive from T2. The peak collector current is therefore reduced to ensure 
reliable operation under all conditions. 


SNUBBERS 


When a high voltage power transistor is turned off it is necessary to 
ensure that the collector current falls to zero before the collector 
voltage has reached a critical value (approximately 400 volts). This is 
accomplished by diverting the current which is flowing in the primary 
inductance of T2 into C10 via diode D13; R10 allows C10 to be discharged 
without subjecting TR2 to a high pulse loading. At turn off, the 
collector voltage of TR3 could rise to a high value due to the leakage 
inductance between the primaries and secondaries of T2 but this is 
prevented by a clipping circuit D22, R12 and C11. The voltage on C11 is 
approximately constant during each cycle at the required maximum TR3 
collector voltage. If the voltage exceeds this value, D22 conducts and 
the resultant energy stored in C11 is partly fed back to the supply and 
partly dissipated in R12. 


SECONDARY OPERATION 


When TR3 turns off, all the secondary diodes conduct and pass the energy 
stored in T2 to their respective capacitors, C104 etc. Because these 
windings are closely coupled, the voltages on the capacitors are 
proportional to the turns ratio of the secondary transformer windings. The 
5-volt rail voltage is monitored by IC1 via R104. IC1 contains a 

reference of 7.1 volts (nominal) on Pin 6 and this reference is divided 

by RV101 and R105 to give 5 volts at Pin 4, the inverting input of an 
amplifier. Pin 5 is the non-inverting input and Pin 9 is the output of 
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this amplifier. If the output voltage is low the output of IC1 will be 
low and the current in OC1 will be low. This gives rise to an increase 
in output power which tends to correct the initial error condition. R102 
and C101 are compensating components which stabilise the loop. 


Inductors L101 and L102 are part of Pi-type output filters which reduce the 
high frequency ripple at the output terminals. TR101 and TR102 are the 
series-pass transistors for the regulators on the +12 and -12 rails 
respectively. These are driven by their associated op-amp which compares 
the rail output voltage with the 5-volt output and adjusts the drive to the 
series transistor to maintain the required output voltage. 


In the event of the voltage on the 5-volt rail exceeding 6 volts 
(approximately), Zener diode D108 conducts and provides gate drive for 
SCR101; SCR101 turns on and ‘'crowbars' the 5-volt output, blowing fuse 
FS102 and removing the 5-volt (and +/-12V) output. 


SWITCHING PSU LOAD BOX 


Function To provide an effective load on the PSU for testing and repair 


without the risk of having the main circuitry connected. 


Loads on each rail are switchable between typical and maximum 
loads. 


Test points are provided to quickly check the voltage of each 
rail, and current drawn. 


PSU Spec. RAIL TYPICAL LOAD MAX. LOAD 
+5V 2.5A 3.5A 
+12V 0.25A 0.82A 
-12V 0.05A O.1A 


+5 oO +12 -12 


| S-PIN PCB PLUG 


Figure 4.1 Power Supply 
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SECTION 1 


INTRODUCTION 


At the most basic level, the LINK 480Z microcomputer consists of one 
mainboard, a separate switch-mode PSU, and an internal keyboard. An 


optional add-on board and provision for use as a network station are also 
available. 


This guide is intended to supplement the RML servicing course for a basic 
LINK 480Z system. 


It serves to: 
© introduce the 480Z with a brief functional description including 
block diagram, principles of operation, options, and essential 
circuit diagrams 
@ explain the problem of dealing with a non-functioning unit, (i.e. 
one that is unable to self-diagnose) and methods of introducing 


diagnostic software via PROMs 


@ suggest diagnostic routes, flow diagrams, and fault-area 
correlators 


@ conclude with experience gained on fault types and symptoms. 
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SECTION 2 
BRIEF CIRCUIT DESCRIPTION 


(Circuit : LINK 480Z MAIN BOARD DI0829 SHTS 1-6 
LINK 480Z MAIN BOARD MKII DI2093 SHTS 1-7) 


PROCESSOR 


4MHz ZS80A. 


One ‘wait’ state every memory cycle - as in the 380Z - and each VDU access. 


RESET 


Reset logic pulses reset the processor during power-up and while the RESET 
button is pressed. Reset is active for 128us and inactive for 512us, and 
is synchronized with M1 to preserve memory contents during reset. Keyboard 
reset is automatically activated on power-up, or after reset, and must be 
cleared during ROS initialization by setting bit 6 on port 1. 


SINGLE STEP 


Single-step logic is as on the 380Z. An NMI is generated following the 
eighth M1 cycle after NMIEN goes active ‘high’. Note that NMIEN is 
inactive on power-up, or after reset, so that it need not be de-activated 
as on the 380Z. 


MEMORY 


@ ROM 


There are sockets for 4 ROM/EPROMsS, each of 2 to 8 Kbytes. Mapping 
of the ROMs is controlled by a PROM (2K resolution) which allows for 
four entirely independent maps selected by two bits in a port (PAGE 
0 and PAGE 1). Map 0 is automatically selected on power-up and 
reset. For any given map any address space which is not occupied by 
ROM is occupied by RAM. 
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@ RAM 


RAM mapping is controlled by a writable lookup table. This takes 
the top two bits of the processor address bus (A15 and A14) and 
separates four address bits (MA14 - MA17). Of these, MA16 and MA17 
select which of the four banks of RAM is to be accessed while the 
remaining two bits are used to select which of the four 16K pages 
within a bank of 64K RAM is to be used. This allows any of the 
sixteen 16K pages to be mapped into any of the four 64K pages of 
processor address space. The RAM mapping is controlled by writing 
to port 0 (see later). 


e VDU 


The VDU is transparent for both reading and writing (except that 
one ‘wait’ state is added to all accesses). The VDU is switchable 
under software control between 40 and 80 characters. However, the 
screen contents will be jumbled on changeover and so the screen 
should be cleared first. The VDU is mapped as I/O ports and 
should be accessed using: 


IN 2£,C 
OUT (C),r 
OTI, OTIR, INI, INIR 


In all of these cases the value in C will be the Y coordinate of the 
character on the screen (range 0 to 17H) and the value in B will be 
the X coordinate (range 0 to 50H). Character 0,0 is at the top 
left. The value in r will be the character output from reading back 
the screen. Characters 128 to 191 are dim. 


KEYBOARD 


The keyboard is of the key~-down/key-up variety. This means that when a key 
is pressed or released the keyboard generates a character. The keyboard 
will return an 8-bit number of which 6 bits identify the key (a seventh bit 
is available for future expansion) and 1 bit identifies the direction of 
travel. The number has no correspondence with ASCII. SHIFT, CTRL, REPEAT, 
etc. are treated as ordinary keys. The decoding of function keys 
(including the REPEAT key) is done under software control. 


A keyboard ‘ready' bit is available in one of the ports and keyboard strobe 
is connected to channel 2 of the CTC. Characters are read from the 
keyboard port during interrupt servicing and this clears the ready flag. 

On power-up, the keyboard reset will go active. Once the CTC (etc.) is set 
up and it is safe for the keyboard to interrupt, this rail should be taken 
inactive and the keyboard will then list all the keys currently pressed. 
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CASSETTE SYSTEM 


The input section of the cassette system is identical to that of the 3802Z. 
Thus there is one bit for volume and one bit for data in a port. The data 
bit is connected to one channel of the CTC so that it can generate an 
interrupt. (Not used at present.) 


On output, the final stages of the frequency generation are performed by 
the CTC (channel 1). This is fed with 125kHz which can be divided by 26 
or 52 to generate 4800Hz or 2400HZ pulses. These are then fed through a 
divide~-by-two stage to generate a 2400Hz or 1200Hz square wave which is 
filtered and fed to the cassette recorder. For this signal to reach 

the cassette recorder, the CASWREN bit must be 0. The cassette output bit 
(after the divide-by-two used to generate an equal mark/space ratio) is 
readable in a port so that the output phase may be determined. 


JOYSTICK INTERFACE 


The joystick interface consists of two monostables whose timing resistor 
consists largely of external potentiometers within the joystick. These 
monostables can be triggered by a positive edge on JTRIG and their outputs 
can be read as JT1 and JT2. The monostable time constant is about 1ms 
centre position. There is also provision for two push buttons which are 
read through JB1 and JB2. 


SERIAL INTERFACES 


There is a software ‘SIO2' RS232 interface consisting of two bits in an 
input port (RXD and handshake-CTS) and an output bit (TXD). 


There is also a hardware S104 RS232 using the Zilog SIO channel B. 


PARALLEL PORT (User I/0 Port) 


Control/Status port 5 is the USERIO port. 


There is a hardware handshake provided on the USERIO input port. Data is 
latched into the port on the positive edge of the strobe line and sets a 
‘ready’ bit which can be ready by the computer, and a 'busy' bit for the 
peripheral. When the USERIO port is subsequently read by the computer 
these bits are cleared. Note that the USERIO port is transparent and 
behaves as in a 380Z if the strobe is held low (by default). In addition 
to the hardware handshake there is a software handshake (3 output bits, 1 
input bit). 
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CONTROL PORTS 


e I/O port map 


Device/Port Address 

VDU 0 to 17H 
Control/Status port 0 18H 
Control/Status port 1 19H 
Control/Status port 2 1AH 
Control/Status port 3 1BH — : 
Control/Status port 5 1DH 

CTC 20 to 23H 

SIO 24 to 27H 


e Port 0 


Read = DIL switches 
Write = RAM mapping lookup table 


Read Bit Write 
DIL switch 7 7 x 
DIL switch 6 6 x 
DIL switch 5 5 x 
DIL switch 4 4 x 
DIL switch 3 3 MA17 
DIL switch 2 2 MA 16 
DIL switch 1 1 MA 15 
DIL switch 0 0 MA 14 


On writing to port 0 the least two significant bits in the B 
register contain the address within the lookup table to which the 
data is written. 


) Port 1 


Read Bit Write 
Network 7 Network 
Network 6 Keyboard Reset 
Network 5 Soft UHAND3 
Hard USERIO Ready 4 Soft UHAND2 
Soft UHAND 3 Soft UHAND1 
Keyboard Ready 2 NMIEN 
Frame Blank 1 Page 1 
Line Blank 0 Page 0 


Port 2 
Read 

JB2 

JB1 

JT 1 

JT2 

*SIO2' RXD 

'SIO2" HAND 

CAS VOL 

CASS IN 

Port 3 
Read = 
Write = 

CTC USAGE: 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 

SIO USAGE: 
CHANNEL 
CHANNEL 
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w 
we 
ct 


Write 


80/40 Select 
ALT CHAR SET 
LSPEAK 
JTRIG 

*SIO2' TXD 
CASM2 

CASMI 
CASWREN 


OmaNWAUD Y 


Keyboard data 
D/A Converter 


"S104 clock' Input 2MHz 
Clocks suitable for all baud rates from 110 to 9600 
may be obtained using 2MHz in counter mode, anda 
4MHz system clock in timer mode. 


Timing Input 125KHz 


Provides frequency generation for the cassette system 
and can be used for general purpose timing. 


Keyboard Input keyboard strobe 


Generates interrupt on pressing or releasing a 
key. 


Repeat Input Frame Blanking 


Generates interrupts for repeat key. 


Network 
*SI0O4' RS232 Port 
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SECTION 3 


DIAGNOSTIC ROUTES 


Faults in the 480Z can be broadly categorized as follows: 


1. Those faults which allow the processor and ROS to operate, giving 
access to the Front Panel for diagnostic procedures. These include 
faults such as SIO port failure, cassette port failure, etc. 


This type of fault is the easier to diagnose yet may still require 
software routines to be written to test the failing circuit. 
Programs may be entered using a ROM Pack, the Front Panel or 
cassette. 


26 Faults which do not permit ROS to operate sufficiently to be able to 
use the Front Panel and/or the cassette interface to enter 
diagnostic software. Faults include ‘garbage’ when switching on, no 
keyboard response, etc. 


The 480Z differs substantially from the 380Z in circuit operation and in 
fault-finding technique because it is designed as a one-board (not modular) 
system. Therefore, it is essential to understand the operation and deduce 
the faulty condition from within the faulty system; this is particularly 
relevant to the second category of faults. The problems encountered at RML 
with repair of production failures led to the invention of small 

diagnostic routines, blown into EPROMS, which do not require the 

operating system or RAM to be functional. They provided RAM, screen, and 
port testing and also set up diagnostic loops in suspect parts of the 
circuit. This approach is recommended for fast diagnosis. 


A flow diagram for diagnosing a ‘garbage’ fault is shown in figure 1. 
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"Garbage" on Screen 


Insert RAM test PROM 


Suspect address, N Screen 
data buses, clear? 
processor, etc. 


Y 
Insert RAM diagnostic 
PROM. 
Use scope to observe N Memory 
test. OK? 
Diagnose and repair 
RAM 

Y 


Suspect mapping, 


paging, ports 


Figure 3.1 Diagnosing a "Garbage" Fault. 
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SECTION 4 


FAULT-AREA CORRELATION 


Use this section to identify areas of the circuit likely to be responsible 
for fault symptoms. Refer to the following table. 


Fault Symptom Suspicious Areas Diagnostic Procedure 


No Keyboard Keyboard, CTC, RDPORT3, Check KBD ready, ICs’ BP 

Response Memory, Int, ROM GW, DP; look for keyboard 
strobe, processor generally 
enters for keyboard INT 


No Cassette CTC, IC CP, RDPORT2 Test memory, check signal 
Send/Rec RAM path for fault 


No Front System RAM, System ROM Test memory 
Panel 


Garbage on ZDBUS, TDBUS, ZABUS, ABUS, Follow flow diagram. 

Power-up RAM, Mapping, Paging, VDU Check processor state. 
memory & addressing, Use test PROMs. 
processor 


No display Clock, PSU, video o/p Check suspicious areas 
stages in turn 


Check earthing revision Check suspicious areas 
INT, RAM, processor Test memory 


CONCLUSION 


This supplement makes no attempt to be a comprehensive guide to service on 
the 480Z. Experience has shown from production servicing that system RAM 
is fundamental to operation, and almost any symptom can be attributed to 
faulty system RAM. 


vOUEW- 
CTCEN- 
sisews 
qsufcre Ew- 
EEE EN - 
HRCEW- 

Por ten- 


TDOUSEN- 


33h. a C23 


aan 
RSTSHI- ZARD- YOuGD- 
© | geseT | 4 Te | - 45V vDUACE 
{- DISatié Ct GW G™1 


x. 


ai 


D7 
Toh 


THs 


TO4 | 
3 


22 


= 


- [DRAWING NO 


+5V 


A 
Ai 


ao 


PoRtCe- 
ia R- 


+5V 


— -D1082 


9 sur 106’ 


ROS ERT LS AONE Ie Cm AAO NCR IP OOD eT SO TE 


eee eg ee sta pee a a ee Re SE AT fe Sere Be Be Be Set 


ee ee ee ee ht age Ne 7 tes”! = a 
f . "s = 


Oe ESS ae - 
. : ~ - ‘ 7 7 - S 4 
2 _ . 
Ee we 
Ss , F 
Z RESH- : es RaAs2- RFS CAS 6 - 
Ve R49 
|e 3 RaASt- £43 
ZWAS. Se ee 8g » & 228 222 
2 : RSP mac 
; al 
ir") - . 
TANG ' , 
Rigty 
| ook 8 
aS ZaFs cop“ v 
tri- 
: eT Eo 
Add 
fen mmtAr 
ie ies. Al Pes es ee 
‘én oY RAMEN - MAI 
. Ce 
Au ac Romtte- 
ZRPp- == Roc VIE v- 
PURGE 1 <— Romitn- AMEN- 
hg —— Rom FE W- +SV 
og , 
KFSH Al = Vw : fy? Fv4 
= 3Q ms aes morta ¢ 
Ap 48 
LSsisT 
AS 2 aa (WAR fv7  Fy10 
F mois u 
ZMREQ- de> = ; 2Q d ut PE) nerTAt 
rv 16 ' 
Merck Ad FvG ofl 
i Eada I —— MTA? 
Me 4SV Az 
% ¥. ft 
CicK- SE sd 3 ye} hoe al a MaAINH 
: ; Ato €WS Fvi2r Sears 
L574 a = MnTAI 
eo ,GT =(& a . 
mi pa SP PG f 
° Pat Fyy fvi3 
* ; : & = ; fd TrCN TAL, 
cs tov : - en? 
Zesart- : )ney; : aes meeQi ea | ae. a 
? yea) Ss . a a, Te : . Se — #Q Fv3 Fv 
| : . ; : maas 


DRAW! NG NO. 


~— D10829 sur 2 0F6 


in2lg 


_ £8 (47) 


+11V ———ol 
_ 20 
4+Sv¥ ——o!3 
ga 


camial —_——0§ 
~aSv¥ ~——-o 

: 10 
-Sv ——o5 


Kas¢ - (aes ) | eee 


cat - 
Mia fe 


MMTAG 
rm TAS 
a 
Motes. 
menyAd - 
mma 
mmitAd 


MODIFICATION 


“we wor - 


- voDp 


vO 
vec 
vec 
Vv G6 4 
(veo1 


2 
27% : 


ZDb¢ ‘pi 


4SV 
Rom at QB 
+ Sv 

AZ 

aq 
Roma 
RIM aEN- 
Aro 
RoMmaLyD 
zp? 
Z2D6 
ZdS 

Sn 


293 


on Rg RE We Me Se es ee he Se Wop Se 


wR- _—— co os 


1S¥ ——= ob — Romar q 
Bets pba ae 
Ay ——o o8— &omald a. 
fiumath 25 ol® — Romatn- 3 


xom [éE PROM Links 


THERE ARE 4 SOCKETS FoR BOM, OR EPROM. 


CONTAINING SYSTEM OR APPLICECATIoN Sof TWAKE, 


EACH of THESE SOCKETS HAS ASSOCIATED Gntn 


IT, A SET OF Lik Privk BY SuITAGLE 


ConuECTtioN of THESE A LARCE VARICTY OF Gotrc 


oR EFROM: of THE GV owly VARIETY may BE 
USED | RANG ING +7 SIZE FROM aK Gyr ts 
Bk Byte. | 

NG. Unew \4STALLING 2h Piel DEVICES Funk 


9-26 oF THE socKcT StoWnD ec USED, 


Koll ao. 


CH1e 
LS 
LT 
Lu 


Lv 


AS Wort THE Rom Socket! THE CHARACICA 
CeaC KAR SockET CAV CathohT matt THES 


of Rom, feeham 


Cue | 


Aste fz10b. 


1S32 
1732 
2Sbt 
23cé 


6876 


ConMECt craWS:- 


4-5 , 8-10 


fwo Gaus of Dinan RAM 
mag-7 Any. mG 4-7. fant 
Bank cad Conta LeTHER & 
x Aub of &» ALA Me 
AVYPES OF CHP eS TALICD tl 


A PAATUUULAL RAM BAWK 1S 


SEACCTED ELH WHE Row OF 


LiwK PiwS ASSOCIATED ant 9 


THAT BAWK - 4K Fo Bank 
q ney 17 Fok Raw 1. 
FoR ANGS kine PINS 3- 
1-2, 9-h , 7-8) | 


FoR LAs hiv Pit 2- 


As) y kES ob? 
eee +Sv 
+SV ee bec CGCah 
c 6 
CGENC ——«4o oO-——CD7 oS 
AltcHe come | Gece: Ccevp Pape 
q Ve) 
Coen A ——o eee ens 
Lu 
2 ED 
R3 
a2 
RI 
Re. 
SRG 
$A 
-3 
: Sa 
g-10 


o’ $-T, 6-8, 9-10 


s-4 , 7-9, GS-10 


3 he 73t09 ot 


-Sv 


-aV 


ALL POWER SuPOLY Lines : (anv, 4a, 1SV,-SV,-12v) 
AGE pECourteD with A min TURE OF CERANK cHrPs. 

(Ca) pup Tawrium acaps (Ct fea SV, Cur fet ema} 
CodaCCTED FQN THO SuPLY to GaouwP (ExcceT 


FOR +9V GH -tS DECOUELED To Vive ARH ) 


i g 1SV 

2 27 Coens 

) rn & sg. GV 
as CD, 

S| ea 2 cps 

Crt, RACTE 

| GENERATOR = anes 

yy 21 

Ai 2s 

| L® ; CDL 

— C&enp 

2 SRT 

L 8 SRE 

a 4a Ses 

: = - SRG 
3 $3 


ORAWN BY | CHECKED BY 


aa) 


DRAWING NO. 


“D10829 sur .or4 


unt, 


EMET IS qmgndtin MaKe 0.4 Das ee Se +. Tr aa eae ce Rei eS re 


co oeey a = ae fe ae re Te aaa 


os¢c3 y 0 ; 3 
a AQ - 
fs ovat ; 
, : Wey 2 

ey) 
Ee, 
ry? . 
qAmuUz BmMUZ Lewez ase 

(tcc 

vVDUACC o— CHIACE 
An ; q 8 
VOR? | 
Ca oe ne 
ap - Ics ats S287 (cive) GR S287 (Faame) HQ 
: _2 p Whey = O ; . 
a) Nya =" p22 op? 
vvuCc a— . 
mal 2 b 7 
cs ; : weve - - : 
Goh - 2 jes ) FGtwk1 al : see en 

Ato Se a 

aS 5 fa 7 MS — LBiNK- ii 


DG DS Di DT 


fe AG ~ 
vmad ai Fe are £8377 FP 
GOCe ——-} A be , 7 


Crunce ———, AMINZ co? — Ase rae pooys fe fe fa fe je fis 
HOME ee ; FR 


P ig 
Cpe ——— G.GS§ —— Dimd- LCL } 
: R32 AvDi0 Ov 
i8iLnk miv¥ec- FalwK Dimi- : AuPio | —————_C_———_G 1-5 ) 
Yas Be ‘2 LS Yac Fsyvec a oa feces 22 
8/40 ES 4o}eo 
ia tewe 
SAC 
vmead . 1QAHT Ltyve i Ji- 
; FRAME 
sync 
WMA 10. ae at ATCHR 1! ay FANG ngs 3). - 
YMAIO aa Hato ates 
i | SRamsted SV q 
vma lw wmagq 22aq ASYWC~ ° 1% - ; * . i 
; 3 Conwecteo Aczoss - | 
vans bi coav RO¢€R) 
Dimi- Petite 
vmAa7 : 1emuz ‘ cco 
Ee 
vmab Sar vPEO > (Ji -1 ) 
Wa . ¢] 02 ; 
; wen vas 3 ee ioe TSRHIAY coe Faame | 
Vi0EO 
(34-4) 
3 vmag $s Tf ; 
¥mnas 5 @E FRANE 
, Ws L DEO 
ca ao nates ~~ ou: are 
Taal S Pare 6808 ASTEC vi0Co 
ymat , Urwnre se 
: ees we mp. R2 


1 bea aes SA 
3 D10829 stirs 06 


SO REISE EIS REPEAT gv ERE ESL ERI _ a 


ae Fee ee Ve Be Sete be 


—- oma - 5 ; d r wv, me : Ps 
DI NETINZ “3IG2 TH? — = KGD7 
pL ntti Joi TD P 10 ~ t) «Ove 

- iwwe¢ CASouT 372 TOS ; S.-J) wen 
F = . 
104 vin RADY 31 TDL -(Sio-2) key, 
LS374 : 
? es « 
ws VHIW4 Sli 103 . <] os Sio- 1) G03 
492 AE PRCAPY SA MAS +02 is 4! Gi) 1402 
pO fa 
‘ty 1GiAk CASVOL T01 : Fiw-10) KQ0)] 
App Latwk CAS IA 194 & : FoF) have | 
y; . F . 
.D PORT =— RO PoR1 - 
Bho- o¢ DIL SunTcH eee 
Nly 1 : : 
i _. Lah PORTS - 
wT os ee wETouT} 507 : §0/4,0 4p? dq = 21)-VOuTT 
1b ; KRESET - 1Dt ALT CHK ave 3g 8.) VouTb 
é s a t Uriout 4 Ips LSecaK ToL —~Te - 20) vout$ 
“yt . | D/Aovt ao 
; VO4 serene | VHoUT? TDA JTRIG ipl (Ty - 2) Youth 
| 48273 |, 
193 * UHouT} TOD? S20u1 Tm VvouT. 
{ [> s ; . ae 
102 NOVICK Tp2 CASEY) TH2 Vout? 
Leek |, | 
Tur : PALL | TPN CASmM 1 TON BE) vouTt 
10¢ pleased Nae sa PALE TOD CAS KE A- Tp Se = 5). vouté 
“ 
POW TAT (OR PORT 2 - RPPORTS - 
Iv i é t {Sy Sy) Vid? 
C10 R28 oe 
SaTxP {52-2 _) doyvsncKw Tw 2 2 Gy -% ) Uink 
| 4700 s 4K? 
: Tos s. + __.Gg=7p) Ling 
DaKlG 
. | S7kxD Toy o) AS hs Gy - 4) Uiwk 
, L$373], 
{as A a 2S 193 a 4S) Und 
ART 45V Bey <| : 
‘ foe See ere S2EARTY SoySTie K2 to2 . sy =a) uin2 
: sy RQ 108 : moons ; 
| —GED ue! 
10¢ 
USTG IN = =§Ge-to 


_ MODIFICATION 


v FOL ETTORE ETRE, 


‘Research Machines Ltd 


LINK 4802 MAIN BOARD 


lo 


KGOSTR (Jto-12) 


sv 


Uniw{ — 


DiMoul lL 


YAOUT? 


UHoaot 4 


dg faire g td arene giee soi 


+$v 


DRAWING NO. . 


: - 
“o 


sv 


eOOSTE4 


recsey- ——(ia=iy) 


USE REND 


~29) VICREND 


+$Vv. 


ra 
4 


TULL) Yaniv 


— [3>2 aap onangeu 


YHA nN Poul 3 


IwRDY 


10829 sur ser« 


-. 7 e122 RED ge? | : 7 } ; a. a # pe 8 . owt . 
ue t 
| T 73 a5V : i - : _- : 2 Casey, ———-G_=2) Mome + 
an e - ; 2 ; x - = : ‘=< = c - s 7 . 2 a we - . _ : 
a eae < Yaw3T03 27 py veo | ey) ; oo | : oe et ae nay a 
i 1 ‘nS : ™ an ae buf | , a case, ————__G7=T) more r- 
L — 206 ary vss - - z YA 118390 DS <> a a 
(bine «dys oS -f oy @ : : : 
2 : @P. - 
, ior ‘ Z05 —4PS : sealmehe a ; : P . 
7 ae | ‘ : oy 423 s 7: 
rs ; 2D4 Dy : : ; : ; +SVv : RA 
2yr P7 ~ . : MHz : . 3n3 comma CASVOL 
Zyl 8 p¢ | : — fa | | | : af > 
yh —__=-] 1%6 me te os A book Uz Vz 
1 : 292 p2 Ci [rae : FBLNK . bs v7 
vg ———j os a se ‘ . 
ny ‘ _ Ps Fr °S pieine a oe ie . : 
Py - 4 ‘ ~ 25 : : | 
. pra ps anne Don ZP¢- D4 ; | 
703 ————} P? 3 = ZS8o\ Si Cant 
er: oo ‘ Pw A axcAé ss Ci fran - K€ 9S16 J 
py ——4Y] 92 Ve ie Al fr CTC 
par wpa 2¢ fro 
rane ee ; Ad ‘E lag 
: : ; QisA iN ees RISA ; P ‘ L R : CASI AH 
zh ——") 09 , , = n see w 
7ISORN piea tt pigA Resct- G ACSET Cinfixe} Casi sale ec Oe 
Sek 
(nr 34 Pea F 6 Raye a AAvA CCE W- 16 tw 2c {1064 3. ; t 
Ne 2 Ad CISA 6 cise ZciLK 2 
, PcDA Depa 10aQ- sea AQ Le [RG 23 YRUAC CT 
eestt- ——1s{ feset | ae 
ft S10 Ro- oy aD zc [wm >}? | ome STAD race out 
SIOEN- ———"2.«4_ CE 7 a 41K 
FU ae eee a I q m7 
8 Rib 
LORQ- ih, poe Ds a. Heo UZ" | 
$v 143 2 t | 
Rp- ——4y ap oo, CTCIEO | 
weet a | : -— (3G) TAFE EARTH 
hie ee ae has a 
dora pe Swarts c2I S$u2 care 
} “ 
es DIA OUT —_———_| ee R20 
‘ Kx1 C8 1OOn piseaie 
16V vec : C2 | ,uV 
: sywc@ FE ee , —_Cl- KSPEAK —————_]} cis 
a : 
100a 


Vss 
ry 


ie 2wZr94 
PRI WK 12« . | 
22 i a ar C18 
° o - be 


A3b AUDIO] 
TALY (Sa) : ~ kT pA 
K7] 
c we se { 
me C1S clb - : 
K3S 1 Ind ice b a R3y 
a ee | = 
22 
Sd ae ZwaAtt—- | 
: | ACCESS Gas D 


‘Research Machines. Ltd 
LINK 480Z MAIN BOARD 


TITLE 


| so, 


DRAWING NO. 


D 


MODIFICATION 


10829 sur sor6| 


; 1 cyte = 604 259 p> 


deprndiny on bead 


TRE Colleche 


x 
| GID 
| } 

= ¥ 


1Z2v Tsocated 


Sv Fsocare> 


TIN _O-Ty 


@v Lsocaveé Db 


Bake 
ae ; 
ffs 
16K | 
J1-4 ri 
ea? HOLDOFF i i pibiecn 
+k? pel 1-19) 


i gas| |S60R 


i 


ry 


DATE DRAWN BY | CHECKED BY/. , 


10-12-81 | 4h ! 
Darto 


DRAWING NO, /268/ 
SHE lof 2 


TRANSCEIVER Power Suerty DTsaaTiow 


MODIFICATION 


serene, samen a0 ae oo 


; , / kine = 
EaQrnke | (504 As 1SO# aa 
BP 5 
HCOL- 
4! : 
o cTS+ ~ 
EP 5 ny PROG 
ist! | L504 
CARRIER ~ 
Pw 3 {0 4 
ADAT A DEF 14 PL i 
To opt—t | = 
tes ue E800 KHR a Da ‘2/ LI. ATED 
ra 
PL 560k : 
t £6109 | 820 
+5v R13 
Ts 0c ATED 
: & Courts e 
C . 
ZY 
57-12)—= 
ELTS—- 
| 206 
R12 
? KDATA 
ACH 
2630 


neon oo, . nb 
go 2636 : ; 


> = Sv New- Tse ATED 


| DRAWING NO. 12681 | 
+ Shwe Zof2 


-f. 
3 
Pa * =. 
-. 
Vv bes Pr rr ree Pe ge Tete ee - e- 


MORON Ms Ree ee ke oe, 


Jet GQ 
vine W- 


Marck 


Gy 
ING@QS 


mi 


MODIFICATION. 
tss| date | ecw 
rar a 


7 


% ( PVACC 
i ffe 


WUT 
aT 


“sew 


vor [cre Ew- 


TOE N- 


Pak TON 


TICUSEN- 


YDuaD- 


Poaritn- 
Rp - 


40V 


C omtous ure 


| ~TORAWING NO 
D1205s, . 


RPPoETC- 


RyPehtt 3 - 


2 Ry htsRT2 - 


Rs foe ti- 


K lakid- 


LIRP 0€16- 


IGAcR z 
: MAN 


Kt See 


ssi aii wud! tg eens ee hath ree we ts, sass E icp sae gia Tha LS at ets Made ah 
i eR SPS Raa HN HOR PMR THR ee oF ge Sete, Sa 


PEGS oe 


RAMEN - 


ami tn- 
Kom gl v— ney 


Ad 


Aq 


ComCovtaenrtS Ow eats See Ft 


Zenit 


UTIL 
alee | ||| 


< alee TT 


Ou 


[_“wooiricarion oo 


1 AONE A 


MUTA ; 


t. J Aanitat 


DRAWN BY 
chs. 


CHECKED BY 


psp 


DRAWING NO. 
 D1208% 


Kar¢ - (eas1-). 


tint ft 
m1a fas 


ae ee 
MMtTAS 


~ mIAG, 


arta} 
Meni Al 


mma 
mmiAd 


MODIFICATION 


wen 


lel [TF 


4+ouoc —. pp a : ; : ae l . 
MMIAT Ay : : 1sou. 
+ 6G oa gg : | se tgh ot 
Vb rb& GVby 4 6G & 164 by vbs 
a Lane : ov 
=e fa iSou 
Fa : ce CAG 
Pepe tine Demremre ere ON, We" 
: ma OS 
V 
gota te fie ss A 1C9t cB | ice 1079 1c 16 1c 6) bee 4.129 
cra) AG ; 
“Jar (1092) | Cic90) | Cicez) | Cc bo) Cicits [Cicee) | (ices) 
e¢ Aj : : . ¢ 7 
tie - c6S Cb 
iv f * 
As ; +5v 
at : 
er : : a: | Z » ca, p  & p @Q 
A “4 1 & 3 ite 2 '& 2 1% 2 ty 
_ Ov 
Zb¢ Zpl ZD2 ZOG ZPL Zs Zve ze 


tip Foy 
Ai2 a yh dy 

o———— Ary 
at a4 AG 

Lky ON 
Ab aaenenee AB 12B -PaosIT OW) 
AS 3 hs) 
Ay cal Au 
a3 i Rou Jew — 
A2 —4 AiO 
‘Al - hl is 
Ao i ZD7 
yar 2D6 2Db 
zpu Z9S Zd05S 
zd2 Z DL zbe 

7°} zD3 


7 


tn 


col 


ct 


Cot RACTER 
GENCRATOR 


2164 


Sy 


Jis/aae sy 


s 1 $V 
(| oes 4Sv 
Ea 3 cD4 
oe CDS 

CD? 
q1 
9, 
ae CDG 
4 
J 
1g sa? 
1s SRL 

7, 

EY.t 
to 
SRL 


| DRAWING "NO. 
[1209% 


juf2s tO 


4 : 
D 414v 1S0e : 


+Sy tso0u z 


Vibe ran 


+6Vv 


CNP TH GO.) Tet tua 7 


40S TAG | 
<5 ra. 7) i 
lS ra B | 
Y cea Tra a 

<47 © 

chy © cgi 

C % €$2 

10.77 © <3 | 
icy. csy 

1<Bo ¢ css 

1C@r cs 

:CB2 b> <5? 

1c By Coby 

1c 64 COS 

ic40 4 cee 

ict cv 

<9l¢ 

1<93 418 39 jrlco 

136 Jovi 


1.C’s nNanuem O Rae 
CPT ORDA crewsdew af QA 


CHECKED BY 


pDSD 


DRAWN BY 
CRS 


So ee ose Eee et a he ee Oe a ee a Maa ag ig Scie a oe ee te ea) We cee 
z SSS RS Se seeders ee eres sees 


SHRP: Se SSeS RR ae 


«4 - MH 5 


; 1036 2 
» 7 ; 7 0 ‘3 
al 45 
- 330 320 - s 
ars 
& ‘ vaya p z : 
. e 3 18 x 7 Eocy ‘ 
; 5 : Goa 
2. 4 2 {uy GOT Ad 
fare 1096 Ls 4a A 
3 
SMa LontZ fuuo & cr 
, 3) : 
VDUACC eta ERLE 
q ¥ 
t wot 43 
vst - e 
'y 
¢ 
ve uw - 
12 
LGitan- = 0 
Jay, 
"39 ig 
—_ ~280- 
eoce es 
% 'Col 
COUFAL E _ & 
wast i _ > a 
24.5 3 | 
Al ia _ 
14 4 ici sr) ; a 
ws A 
he L4G c >O——— ,o]eo 
ee tule C43 
A2 2 2A 4 
2 
ay Re 
is é 22 A e _ voMay ALTCHR 
as 
at (sT q as 
az IA ce3 iA 3 “ 
ae ii. 3 = a eae Ss : | 
13 (8 Ny¢ ee Sy, FS eee 
YMALWO - {Ato 
AG : LA ba z LA . | 
‘4 ne fe ney L wa ft vm@dur vmay ——Ataa 
Ly 4G Sv 4G 
vAsB a? ag 
CTS foc: 
val +07 
wMAG 
VmAy 
vw MAS 
) WMaAg 
| VINAS 
Wee 
yma 
v¥mAb 
wma 
“Ag 
YAAD 
; VT alw 


dade aehele: 


MODIFICATION 


we war 


eS ET ee 


SALAD NS tv de Fe Na Me as 0 Weds MEAS, SERPS ES OEE 


mamnz at 


(C36 
1c 39 
© go 
tc&l 
ec Qs 
(CC &y 
Ic &S 
(Cyo 
(C $2 
1c 53 
1c 5& 
{Cc §§ 
1c Gt 
1c 42 
1C 63 
tC oY 
1c 72 
1c 
«< Why 


S287 (FRAME) 
Ic Sy 


te) ‘ 
Oink mses Felwk 
4S a Ff Sve 
thanT 


Hi TER (aa 


Jag why ® 


Viper? "OT 


+9V 


tl 


Une T30R 


vi0cCo 


— ASTEC 
Utrnnr€ 36 
Mp1 


viOMmin 4 


wepeagid 


“~ IC to 


funio ¢ 


DRAWING N° 
M12Zoosy 


ac 05 


1c BL 
cQ@? 
icBe 
1696 
eg 
1c 98 


QrAxy 
Q33 
aul 
41 


Rw2 
Ans 


Qxs 
mune 


22 


(DRAWN BY 
cakes 


Components OFF THs HEky 


“st 


JT 39% 


310 312 
mbt 


Tay 


D3 
dy 
DS 
be 
vi 
DU 


YS cm 


sd 


= S13) 


Comeeité 


vivEgEo 


Dd 


SHT 4 OF 7 


Audio ovT | 


CHECKED BY 


eB ate Be Ne Be Se Bs Ne Ne Re Oe ie eH! Oe teenie SR OT 


“Ty NETINI Je2 to? 4) 26 = 1): 4507 : 
Tyt 3 - weTive Joi Se (4G - «606 - 
TS - CASouT. 342 THE Sue =Q) Koos «GDS764 
TWH £4 vin avy 371 94, uae Sy TT) neg sve 
LS AY 1 ee 
14 “ t vein) S2iW *22 Zig ty yd £4 1¢ 
<| * ¢ i S - Q 7 
WW? 7 RSP A APY $2 pay “D5 su -¥) nao 
| Yis7y 
wr a tink CAcvOr Tur . Tuy - 10) KOU) "7 Tan 6 
Q ‘sv p 7 & KQORCADY STE 
v Tey - hav 
WH 1<15 L@ink CAS: Pe 4 -D ¢ S. 
- : . 19 5 : i 
HN POLT A - var "x Peer ae ae RoPoktZ- __} $$ $$$ $___________} 
acsct- , =e ae, { WsRPOETE- (Sv ——(yw-§ ) 
a |, | a q : . - cacseT- ee re 
wETouT “01 60/40 7p? 17 J a 2) yout 
reESE T- VDL te Ac tcouk TW ! Tub ; — iye Sg ) vouTb 
I 
: Uncut Ips pao Peak 405 La rus vou 
q : ‘ i {Aout Ju -22 \USELU AP 
; Urtout? TOL STAN 194 — (05 IDL vouTh Raz 
ADSSS 
<YHoutt 10% Sout TW) +19) TDs vouTl} t gRSb , 
. ees 3 2 aire re JL-2FJ) VIERA 
i ae Tp? CASON iv? Ti — 25-6) VUOuT? 
a 
PAGE I il -———— CAs) ip : ips VvouTi 
a | Sv GED +5" 
PALL O TOD ——= COAKAC A iba Tye —3e-F ) vout# 


te ’ \~ 
wik Fou T 4- 


« 


UN (| (35-29) yrtanr iw 


wWREOKT 2 - 


—AFe aD) un? 


rot C36 
Gs-4 ) uinb VHout j | nee Jt Vy) HAN OST 4 


| Sout S2TxPp Gad aoe Joys TCH 
1.7) uns ick 
Jq4A ire 3T! : ‘3 7 e 
y STIN $7axp Te 3) vewk yHout2? ———— Te 12) UNtAnpod} 
a S2eTS torus) und ron ; 
- Su S26 Aagty SorwSTs 2 , Je 2) Viw? Hout 4 S22 aepirnwnrt 
= 9 « He : 
a Ty- ty) Vint 
C OnPOVITS CUS Hoey : a 
— 3i- 2 ) & ~Iy- 4 vin ¢? 
=. (3% - 24) 
52-6 eS iwRDY 
Ti- : 
- ; : Ly rm ~ 4a 
22 : USTGIN (34-10 -— Mu > : - 
Pf Aeut 7 —__Gb- 1 ; (Clo i 1010 
Res | : IK¢ | la26 ao 
GHB) Acrscep > J 


= {OK 


DRAWN BY 


chs 


CHECKED BY 


{DRAWING NO. are | 
D\20S3 -——_- SHTS0F7 


Ih BOARD MKe 


MODIFICATION | 


- wear 


ERCP SIEGE OSE RIES YP PY TEE OP PERE EE PORTE SNS Fh hy eS 


AE ee ree arses 


nll Uk ake a Bice eel, pr arte, 


sa ain: Solace he ine 


PUP AT oats he Ny ey ty Ne Fe. “0! 


; ! ate a 2s, ee Casey = + GEED more y 
i(- Ro a CAS ———__GB=T) moroer 
“Bha 448390 (C29 
Cecn- 2 2 
: (tare) bag « bea 
2y7 -- PT 
Zy6 31) ps 
Zs 3} 0s 
20% 48 ee 
Z03 1) 2 a 
— a€psrs J 03 
Zp2 YY 92 a 
zp ve nee : | 
zd ae Yn ee: jo TAPE IW 
CAS 2 
fil Bia ‘ 
no si ag 


: : , 2 -——_-——- : oS an 44 : tae€ out 
= | a ) | ch ae 


j 


(BS=q) Tate ened 


ony 
rd 
- 


- Deal eV 
1SVv VvCc rave a 
; CE Sa cue 
‘ 100 
V55 * ine (G2 7 
; ’ VAI VE | 22K 


10€ 


SGYEARTH 
. 10 


Crary 4 <8 


1<4@9 


Rao mays Ase 237 Te, Cr ee 
C15 <1G «Crecwcss Ccye 
TR 


C682 69 cA BSCS 


DRAWING NO, 
Mi2o>2a, 


MODIFICATION . 


ES odds: 


pata 
1 a nate i 
perecr- ahaa 
CARER — 
: ACA CR §$C39 104 ACS c& co Ya > GY GE § 
WCue E22 102% $C te BH C37 
Re Rr’ RE Re AS Ae Q27 26 RA® Rico Ru Mar 
213 Ay As AIL Ras MRyo 
C1 Go Ch my ces CG ce c2e rave Cee 
1C22 js 
Race & Ju 49 Jid Di DOD TRi TRA TRY WRG §[f 
To = 7 
-$Eé 7 12Y LoL ATED 
eee lop + $v 
Or 560k Ure — +5y 
- 2v3703 & oe. F |s208 
i +S¥ Q2. 
Tso. AT€pD 
: 4, 6 Coutt$¢ 
2iln 
oy a icy 
: & 
F 2 
4 Sy 
) | 208 
Ry 
(veer 2 ; 
3 ; KDATA 
Dla 
acm 
Fi 130 
a] ° 
sug a ’ 
n% Rig : { 


DRAWING NO. 
 Oreoss. 


1S -03-8H 18ers 


& 380-963. 
C 29-2-64 


7 42 = 
412V— 1 = 2 
nae ; ; 


7 hv 6 
CS$1 WAT = 


ee  oneenne 5 


aq 


-Sv¥ ———_-0 


: 777 
R051 - 


RY 
(Ge lbn 


G11 . - 
CM - 1 veas- 1S 


na fea = eat, ele 3 


At ey 


MA? 


G18 


Nor GS ws BW-3B-A22 
GT « £98 -3-€22 


L3 


4\2V¥ oo L 


ne 


oe ara 


RAS3- GSS teasd- 


€ TCAs - 


++tRilw 


mée7 


Jal TT TTT | > : | | ae : | 7 es | | . a cee Res tae oe re ‘| DRAWN BY CHECKED ey] 
eet | a rn | | i NK 4807 OPTION BOARD —— DRAWING’ Wo fa 


ee 


PE Ee a ee 


Army - 


heated 


wale - 


Ki)- 


7 Vw WI - 
d t t al : (yA - 
‘di Ef aes 
10 
¥ é - 
9 )8R t {| —— cng 
LS I3s ? 
Pp - QD3- 
CT 
Le 3 Le, ea gee) 
ale q eee Avg - 
9 
‘ {) 
4}* ¢€ fi 1p7 
= 15 
BRAG ‘2 1v4 
4245 
6 
4 _ 193 


wk2- 


LKWR- 


CRERRREERE 


ee eee ee 


rp? 
ree 
Ive 


ID4 


[93 
LP2 


fol 


cp 


sng 


2 


we 


iA 
iQ} 

XC 
- = 
In}! 

a8 
557 7 

3A 
4@|4 

36 

08 

4A 

46 


MAH MAL Ae 


maq¢ 


mA 


mA2 


MmA3 


ID7 
Toe 
TPS 
TOY 
193 


Ip 


DRAWING NO. 


D10830 


MAb 


SHT 2 OF 5} 


Sl Ee SE See Pageant eer ese hg SSN orale bias te og <p needa cane an 


 £OCt 


‘Sv : = ze : 
8 10 vecere- | f =a: ee 
tov : (ar i rae HeQLavK 
— e$17§ be 
ER: .: 
1QlaK- ip Ct @ p——___— 1 Ga wK- 
—e : Th a2 
~ (MEME 4 (1) 
a es ey | ee : a 
5 : eae ie - 
oe ‘ AMHz i rMmc ne - 
ONNIZ 
1 103Nc LOW 
2 
4MHz “~ ~——— io ADt 
GasiadK—- —- 
Sig 4p mtiz- Mano 
7 ' 3 2 
ie cR > BLK 
; pce 4 SACLEK - a 
bist wK a Pee 
eee Se EET % 
= x &LANK - 
KC enema 1 
| 
_ LIBCLCK | 
3% bAVK- SRLOAD- | 
th 15 Lb fT tt2V SY +9V | 
mpT4 | 
i 
; 4K 
mp3 7 La7 ae | 
eau 3 ; MDS EKE Hikes 
{ 
a mpt7 — 
C veh 
‘ | a7 
ug VSCALE ———__—__—_ 4u7 
‘ Gy) HLoAD4¢ on eae 
8 MHZ SIA 2 = 13 21 DEARTH. HiRESouT 
i * 7 , fo 9 3), wa € 3b L3 


mu a 
4muz Gc SACLCK ; 5 


ORAS: BY CHECKED BY 


DRAWING NO, 


"010830 SHT 3.0F5 


pe FOR ogee ae a: a a | ; | — | oa nee 3 a ae 
i “= 40 = , re a ue hee ‘ : ~ in aan : 
Vipin — . ADR } 2 ne er : at i =o - we 4 rae 4 . 


om) a — . . : +4V 
Buvi0lo- | | oy se - 


Hs RE SouT 


qty 


|  pAcout - 
— CAEE: 
LT AN 1o | — AC cd es G av 
, {ea . 


Lin€ SYVC ¢ 


HiRESOUTF 


MSYNE— - 


Ling Sywo — HEG INK = 


VID 11D 


fOYNC —- FLAME TANC 


—GiLD ew _— 


| ad 


~~ 


vi DE ALTH 


RE TS Ly ATI PT 


| A 3 search Machines ~ 


~ | DRAWING NO. 


D10830 


SHT & OFS 


ete f9sucr— “o> 1 
i aw 


ZV7 
; | ve Z9 (Fi = Ve) % 
" . 7 a | - 27 Pio? 
: | — 29S 
| _ 2-\%) Oot 
. if Ea aia i 79h 
5 | DIoS 
| | 703 
P C 7 : 7vy - ; 
2 , 32 - Pfoy 
aaa } Z02 
| 37 - J) Plot 
Zv2 - | a 
31 - DIo2 
Zor a4 
is ‘Cre Dlot 
Zo¢ 
Wie 4 Cid - 
ZS a 2 
es ae AL 
avs Loesy ~ og 
C7 -10) SRY 
aa has (OR - 
sa 4 [ot $7 = 4) fiw 
ZVI enane S° ae / 
sal Seer 1cCE IW T= 
| yy f) OAY 
CIct1e oO fae 
: ate 32 ~ nkep 
Jeeset— | 
" 32 - & wPh& 
“ 7s? -3 tFC 
4Sv 
2-T)—) rEewW 
qd Zeart- ; 
+Sv ay, 
Bvs =< 
GwP 
arintz= . aa ee a ot 
2 @ ¥ 
eset C3} Av . 
C as amma a 106 armed 
ie Gk 
| 105 16 = — an) 
mans CACSCA- Se 7 : 
: : : 104, LS 4 ig 2 
102 
101. 12 J ji aye i 
1 : Cup 
Bae 
“ 
a ed “ Sugrtcue § 7 
eve Qar AON 


vu sartemn Sel 


“LINK 4807 OPTION BOARD 


DRAWING NO. 


D10830 


SHT 5 OF5 


ne tee ee oe lene 8 


{ ORG. No: ‘DI779% Sht 1 of 4. 


2 
; 
1: @ 


On Tear pane eae, Saltese the Be ae Bee TT 
= aoe ee Se ep tate Bete * ne tos 


7 wu | ; 
LK13 | 
Gee ear IORO- WR-  -RD- 
31 or IA® IIORQ- 22!WR- gIRD- 20 
pe ies. 3S Pains 
3h—14 Ph A210 2. V7 : 19 
Cae ee Samoan ye . 9. 11 12 
~ I = 18 


PAL 1216-2 
1C19 

iS 
: ps 
3 

9 

BIE! 
RN2-9 
4K7 


Vcc 


LK4 
(LINKS) . 


MOTOR —* P re INUSE 


orimen —~ L-~ . f8 HTIMED 
8 1¢27 !2 
HRDWT- 
CRO ~ RAL SIG ‘ : 
eitea DWRWT- —2, HWRw'T- 
SIOEN - ¥ 
OSTRO- 
HSTRD- 
HRD - 
HWR- 


| UNLESS OTHERWISE STATED ASSUME - 
" ANGULAR TOLERANCE 2 1:2:— 
WHOLE UNITS 2 0.6mm 
— VOECIMAL PLACE £ O.tmm 
| GEOMETRICAL TOLERANCES: SEE BS308 METRIC TITLE :- 


. THIRD anus PROJECTION -@ oa i c og 4 a . 
: INTERFACE & DECODE ) 


RESEARCH MACHINES 


—— 1D¢ 
— 191. 


102 


, ke 


RESEARCH MACHINES. tro. oan St. Oxterd. O22 oew.. 


SPREE ETSI Pps TT RAED Eo 


TLALSS 16 


EARLY (te NU PRE-COMPENSATION UN 
MDS & 4802 VERSIONS) 380Z:480Z:} BMH; 

LATER(ie WITH PRE- COMPENSATION ON 
MDS & 480Z VERSIONS) 

380Z MDS: MDS 2K: MDS 8K: 4807} PHI. 

. 3802 FOS: FOS 2K:FDS6K} 8MHz. 
103 {ISSUES 380Z 2K 

380Z 8K b XCLK. 


SEE ECN%O FC 
FULL DETAILS | 
EARLY & LATER 


3 


3 4/8 


ond 
Mad 


JORG. No. 0127% Sht tof 4 


aed ee oes ES . Stee age PRP ge SE ‘aie 


DO NOT SGALE REMOVE ALL BURRS 


1X04 —— 


ZBOACTC 
TROO 


1C46 


ZBEACPU [12 D2 122 


TRG 
TR62 


seca 


Im1- —“a 
SICEO ae 
Nora - 3% 


32 


CTCEO 
, IRD- ——O 


RESET- ——c 
6 


BIE] —— 


J——IRESET- CTS8- 


CNS 1 DEVIC 
687 75189 
& 16. 
- 28 


a 


5188 
THLS393 
“WLSOL - 


. ~J 
Rie 
& 


ee DRL? = FGND 
Fone 


re foal 
pare 22-2-84 | cnn, es 


ORG. No.D12794 Stt2 of 4 


PLawencate cnet 8 


- f* “. 
; : 2 : UNLESS OTHERWISE STATED ASSUME i 
ee me a : ANGULAR TOLERANCE * 172° 


Ede ; tee | a 4 WHOLE UNITS 1 0.5enm Bo PENS er eae 
Lo & 23 : c 13 : 2 TBEGIMAL PLACE t O.lmm 
MS Ee . $4 en GEOMETRICAL TOLERANCES SEE 8S 308 METRIC 
ie | : : THIRD ANGLE PROJECTION & . 


Saal 
|_lor-0s-t4 208: 


1" 


RESEARCH MACHINES LTO. sau $1. Onters. 0x2 08W 


Ee. 
5 a 


GRCUT DIAGRAM IDC 4802 
_ (CPU, SERIAL INTERFACE & CLOCKS) 


A [ese 


ms 
“tes, | dete | cw. : 


ete eee ee eT NN Beckett Rete eile he tee Rie te Se 


nee a EKO LINK PINS 182 FOR2K, 
See | PINS 283 FOR8K 8 


Vcc: uf 26 Vcc | Vee : | 28 
ay ——2}. _ et _we- “RoMeLA —— rf 
fa aint ee te 26 af ee 
. DEBLOCKING RAM ae cy ON-BCARD EPROM 
Ab 4) 2K HN6N6-15 OR|22__ ag a - a6——“}_. C47 25 
~ HK4802-1 oN 2h 
5 24 5 2b 
AS 8K:- TBS565 -15 Ag [1 AS 
6 HN6264P-15'23  RAMLK LK10[2_ 4) 2k 23 
Al | 
4 2K x 8 8k 7 
A3 OR p22 RAMEN - if | 2 
6 BK « 8 21 AN 21 
A2 Cua A10 
a —— of) RAMEN - 20 
i 10! 19g 19 
eee » 10 a 18 
oii D1. Me u DS v7 
om - 13] | 16 pg 6 
14] are 15 


01 


D? 


“’ 


SIDE 
SMOTOR 


IC 39 
T4LS377 


05 
Ds 


D3 DR3 
02 DR2 
Di OR1 


DRO 


ENCOMP - 


f 
WORKING pin 


Vec ; 


UNLESS OTHERWISE STATED ASSUME :- 
ANGULAR TOLERANCE ¢ 1/2° 
- WHOLE Units t 06mm 
1 DECIMAL PLACE t 0.4mm . 
GEOMETRICAL TOLERANCES SEE 6S306 METAIC 


oa 


THIRD ANGLE PROJECTION - 


_AESEARCH MACHINES LTO. eam St Oxtord. 0x2 esw. 


bd 


CORCUNT DWAGRAN, 10¢ sz 
(MEMORY, WAIT STATE & INTERNAL OBLODE 


: ~_UK9 
WR- —to uy | 
vec ee ROMOLD 
Roretc a 6 : At 
al ROM®LD 
| 
ROMOLA e ROMEN - 


INUSE 
. ENCOMP 
02 


DDE N * 
DDEN - 


Dt 


BINCH 


Oe 
BINCH- 


SEER EE PEPER TTI OE PEGI NE Te Saige 


“ROM SELECT LINKS LK9. 


ENCOMP - 


; 
=m ww 


DRG. No. 01279% rere 


PRE -LINK FOR 2764 OR 
LINK FOR DEVICES AS © 
SHOWN 


Pin ito! Pal 


fils 


Ps GerPRreTE CONE: 


eaerinnncneent a 3 sae cee 


DRG. No. 012794 Sht.& of 4 


r kes. | Bate £6.u. 


pean al 


MA [23-29] | 


PSS TY Rethe  Se es eda RRS Se Te Sa nde Ma Se eset ede Madedatetetye tenes os ST TTT TS Sh se 


r 


4 


25s + 5% 


3 
{ c25 np 


BWAIT 
DIRN 


DATA- 
10 Woate- 
STEP - 


“HEADLE 


Gy 
CEES) 


SSEL- 


| Twin suid Provscrn | © €4- 


200 mm 
i 
} 
: 
> t 


EREADY 1 


TRKO- 
WRTPRI- (2-26 
RAWREAD- 
INDEX 
SECTOR 

oe 


REV §- XRDY\. 
REV3-ROY ~ 


K6 
reaty1 —lo3! 


wie 


Lo (INK PINS1&2 WHEN USING 8” DRIVES & BASF 
S\, DRIVES. LINK PINS 2&3 iF USING YD 5% DRIVES. 


VFO DIGITAL 

MODULE 1 
1C26 

MBb4323 


a 


ce 


MODULE 2 
“1C33 
MB 14324 


OTHERWISE STATED ASSUME -- 
WHOLE UNITS 2 6.6mm 

- | $ORCIMAL PLACE t O.t1Em 

GEOMETRICAL TOLERANCES SEE 86308 METRIC 


UNLESS 


BINDX 
BSECT 
READY?» 


LK6 WHEN USING SMC CHIP 
CUT LINKS 7-884-5. 


OTP7 
WHEN USING SMC CHIP : 


REMOVE IC17,23.24,25,26, 
32833 & CUT LINK LK4. 


(DISK ORIVE INTERFACE ) 


-REVS- PHI 


REV 3- XRDY 


REVS- 8MHz 


REV 3 -XRDY 


RESEARCH MACIUNES LTD, tain 61. Oxtord, OX2 CBW. 


“CIRCUIT DIAGRAM 10C 4802 


— 


BINDX 
BSECT 


—AMHZ - 


Z2MHz 


XCKS. 


MHz ——-o lel | 


Pa 


ns REN Fhe eS PRE Pa Te ee CS 


; C31 } 
ThESIST | 


_— 
low) 
( 
~~) 


SS 
= 


vd 
Lae) 
4 
— 
SO 


S 
3 


s 
wy ; 


a AaRMNETE (pune 


DRG. No. D1Z7% Sht.4o & 


Weck hatha, Chg ie her ee R WN Sta Bate mat as A RO LE . Bene, ee ia hoe TR, rl | oR ay eg ee ee PAP os al, 
33 ste Z . aa ace teSele te cates epactants ew 5ebgnag tas 2. to > a SA eT a dy Ss 
SSSI Se SSUES ighsses {SESE SRS ase pe Sasn Pads TAMERS SORE sages SR erhe Se er ace - NN TEN a neta te ORR E Re gw cate neem eee id tees i 7 
a en hap ee send 
2 GARG CA baHt 


‘Juuvace 


Sata | 9G 


O see sans 4 


: ‘i > Riss FANEL 
= One, n2wSTOQ 1 
StcQ BS ee 1 
10m: 3 oy 
On Te, 1 | 
We A : 
wx ws! fet 
29a TA 1 | 
qad 0.2% 3° i 
mH os + ode 
2ae - vs 


- 


Fevto | eWte Lore 


| 
a 
2 ’ 
Care ees ee Dols thy te is : 
Be ee ey ” verdad Ie 
ou Mma cee fice » 2 : 
broze EE? Hos iS a or © l : 
Me ae CC =o, wart Ie 
(fae : 10 Scat 7 : 
7 ce 02 04 fa teres Insoot + : 
LG (fe oe ve Fj 
Ovve ; fers 83 v4 ret 
9106 re Sie! : 
= he ididhe, eked oxic je 
we Teo Tt Singin eet a : : ee : 
Pee CA cL : 24 ae i 
eee Es : te ; 4a wt WS 
i 
ea C? | awe f | | 
Ci . : - Siiesh Se 
ake Z2olgu Ft. F : 
CUZ Cuno ©.01. 2 
C104 CHE CO CIOS - ViccysF te : 
cies ! 7 C ceteris 
"CO i : ZO of the 
‘C108 s Zohar Av ' ' 
Rios emi grok Sio-. 1S 
@i1z . 216 a Z 
€st | Fuse WA S- 2c5% 
ite same Fstot : 1264 ~-20 F 
C. : ¢6'02 | . qa S-2GF 
©5103 . 0.28 BricF 
Txt 1 Tae cea. Goteut We 
12ito LewisToR 4702 WS i 
rat : PANS OTER BL ee 
TR2 “ Oc ze 
rs - Bu 428 
TALON ee au soss 
Taio2. - sosi 
oct Oc. “1642 
$c@ vol : Yavartroe MCE t00-! 
i ; ou ; Be tas for ween eee ee . i= L.c. co #%2ec 
F : : : - = 4 . rc2 “: Riv 268 
| . , Rio ‘ Grrgree 1K Ge 
: : ‘ mS CaracstoR |§ 82QuF Bow | 
. os Remetroe. to 2. §~-~ 


of at, eh | os : : : eam ; 
: SE oe eh “- .B. HOF, Car Atos Rt — Noy Prvten 


: i 7 i ; a a ae ee Nae i awzo™ 1 te/7 ley 
‘ : te 4 : : a ae ‘ : : i 4 oF A tsB-2-01 
. oe ee : CuasGe, (Ssue | Oate jCranct  18SU0 * pate | = 
. ic --- SO OO 5 = ; ee Sut ¢ (ORG OR O4RT. HO : 
‘DRAWN ‘ape. ‘TOL. | i Le oy | 3204T0/1/080 - 
te Nee Say. TLL OIMENSIONS IN om. — pare: cc 
fora i : zs pe ee ee ee 


I ee Re Oe ee ee ee ee es Ee tig 5," 


TT Se ek ween es aps an we 


A ee ane me ee 


. : ca 
+t 2 ale Th 
‘ : . ls ond, * 
COO RT FN aN aN, eee ee 


Tos 4013, FF, 
Tey » +03! ¢ 
Tc§ ote u 


TN Me es dy oe’ 


: 
©) 
+ 


2 ees owe 


rae Sa 


{t nC Kon ne 
O DEPRES oN 


12 ee IE 


iz 
O STROBE 


ees ee PS tReet 
oy . 
A! 


ali aes tited a 
a ee 


owe 


etnle 


+ RESET 


. Corot ‘Sages iat 
: : v 
aree wh. 
Go he ORR 8 toy EO NM ge ‘OO SaaS Sa et oS ait 


—- 
hs 


2 


ON ene ee In Ste tee Bw wa oa 


an =; <3 


matenate =e oe 


PRR RI a gee ot ar oa © 
‘ A agg . : 
22S ate, - oy gk ° 
i raceme | a 2 5 
~ 5 sae 7 +> 


“seated leas Pe, ae Into Sap 


